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Introduction 

I n  a study r e l a t ed  t o  the  improvement of basic  r a w  materials in the s t ee l  
industry, t he  Applied Research Laboratory of the United S ta t e s  S t e e l  Corporation 
has been invest igat ing the  behavior of chemical reagents on mineral matter i n  coal. 
The e f f e c t  of various chemical reagents on p y r i t e  i n  coal has been investigated as 
a p a r t  of t h i s  study. 

It i s  w e l l  known t h a t  some mineral matter can be removed from coal  by 
physical separation techniques; however, the effect iveness  of such methods i s  limited 
by the  degree of pulverization t h a t  i s  p r a c t i c a l  and the  quant i ty  of f i n e l y  dispersed 
mineral matter t h a t  is present.  
moving e i t h e r  organic sulfur  from t h e  c o a l  o r  f i n e l y  dispersed p y r i t i c  sulfur  t h a t  
i s  embedded i n  the coal matrix. 
means, t he  sulfbr content of Robena coa l  decreases from 2.5 percent t o  about 1.7 percent. 

Chemical methods for  removing mineral mat  er from coal  have been reported 
t o  be qu i t e  successful.  Chemical methods reportedlj* include leaching with aqueous 
solut ions of n i t r i c  acid, chlorine,  hydrofluoric acid, and caustic,  as  wel l  as  extrac- 
t i o n  with various organic solvents t o  remove the coal  from t h e  r e s idua l  mineral matter. 
The e f f e c t  of mic oorganisms on p y r i t i c  s u l f u r  i n  coal  has been reported by the U. S. 
Bureau of The e f f e c t  of  molten-caustic solutions on the  mineral matter i n  
coal  has not been reported previously.  

Physical methods do not appear t o  be capable of re- 

For example, a f t e r  removal of  p y r i t e  by mechanical 

Molten-caustic solut ions have been used with success previously fo r  heat- 
t r a n s f e r  media, heat t r ea t ing ,  metal-finishing baths,  and e l e c t r o l y t i c  ref ining 
processes. The addition of various basic  compounds such as sodium carbonate during 
graphi t izat ion o r  carbonization has  a l s o  been reported. The invest igat ion reported 
i n  t h i s  paper describes t h e  e f f e c t  of molten-caustic solut ions on the  p y r i t i c  sulfur 
i n  bituminous coal.  

Experimental Work 

Robena coal  was the  p r inc ipa l  coal s tudied i n  t h i s  investigation. Samples 
of I l l i n o i s  coal and Wyoming coal  were also examined t o  extend the scope of the study. 
Propert ies  of t he  coals  can be seen i n  Table I. Ordinary reagent-grade p e l l e t s  of 
sodium hydroxide and potassium hydroxide were used ‘ t o  prepare the molten-caustic media. 
The experiments were conducted i n  a 1500-mil l i l i ter  s t a i n l e s s  s t e e l  ves se l  with an 
o u t l e t  valve a t  i ts  base fo r  removal of molten materials.  

The procedure employed f o r  t h e  treatment cons i s t s  of preparing a molten- 
caust ic  solut ion by melting together  equal p a r t s  of sodium hydroxide and potassium 
hydroxide. The caust ic  i s  heated t o  t h e  desired temperature, s t i r r e d  vigorously, 
and t h e  coa l  i s  added slowly as a powder t o  avoid foaming and overheating. About 
4 p a r t s  of caust ic  t o  1 p a r t  of coa l  a r e  used t o  obtain a r e a d i l y  handled melt. 
The treatment i s  exothermic and some gases a r e  evolved, especial ly  during the  coa l  
addition. A f t e r  t h e  treatment i s  completed a t  the desired temperature and fo r . t he  
appropriate length of t ime ,  s t i r r i n g  i s  stopped, and about f i v e  minutes a re  allowed 
fo r  separation of t he  coal from t h e  molten caust ic .  The molten caust ic  is  removed 
through the  bottom out le t  valve, and the  coal layer  i s  then cooled quickly i n  a 

* See References. . 
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water bath and subsequently s lu r r i ed  i n  40 t o  50 percent aqueous caus t ic  t o  dis- 
perse the  coal and remove res idua l  inorganic materials. 
and washed with water t o  remove res idua l  caustic.  
vacuum a t  70 t o  80 c and stored i n  sealed containers. 

The coal i s  f i l t e r e d  o f f  
The samples a r e  then dried under 

The coals were analyzed for  su l fur  content, ash, v o l a t i l e  matter, carbon, 
and hydrogen. Data were a l s o  obtained on free-swelling index and Gieseler p l a s t i c i ty .  

Results and Discussion 

Laboratory s tudies  demonstrated t h a t  the  p y r i t i c  s u l m  i n  bituminous 
coa l  can be completelyeliminated by molten-caustic treatment. 
of highly a lka l ine  materials such a s  sodium acetate,  sodium hydroxide, potassium 
hydroxide, and calcium hydroxide were investigated, a 1-to-1 melt of sodium 
hydroxide and potassium hydroxide appears t o  be the  most su i tab le  medium because 
of i t s  thermal s t a b i l i t y  and l o w  melting point.  

Although a number 

The ef fec t  of temperature on the  extent of desulf 'urization i s  qui te  
pronounced, Table I1 and Figure 1. 
p y r i t i c  sulfur is  removed from the  coal, and below 150 C no observable pyr i te  
removal occurs. 
a s  the  temperature is increased above 225 C. 
a very f a s t  process at e i t h e r  250 C or 400 C, Here 2, and appears t o  be complete 
a f t e r  about f ive  minutes a t  e i t h e r  temperature. The su l fu r  content of t he  coal 
increases with a long t r ea t ing  t i m e  at  4-00 C because of t he  formation of s tab le  
su l fur  compounds by reaction of  the  coal with su l f ides  i n  the  molten caustic.  

A t  temperatures between 150 C and 225 C only 

A pa r t  of the  organic su l fur  of coal a l so  appears t o  be removed 
Pyr i te  removal by  molten caustic i s  

The e f f ec t  of coa l  s i z e  on the  molten-caustic treatment appears t o  be 
important only below 300 C. 
t rea ted  e f fec t ive ly  at 400 C and t h a t  py r i t e  removal i s  poor at  temperatures 
below 300 C unless minus 40-mesh coal i s  employed. 
"p las t ic"  a t  about 325 C and in te rac t ion  between the  caus t ic  and p y r i t i c  su l fur  
i s  thereby enhanced. 
r e s u l t s  a t  l o w  temperatures since only sulfwr at the  surface o f  s o l i d  p a r t i c l e s  
can be contacted by the  caus t ic  when the  coal i s  6ot p l a s t i c .  

Table I11 shows t h a t  plus 1/4-inch coal can be 

Robena coa l  appears t o  become 

A high degree of pulverization i s  necessary t o  obtain good 

The properties of coals t r ea t ed  with molten caus t ic  appear t o  be some- 

Coals t r ea t ed  a t  400 C and higher exhib i t  t h e  most s ign i f icknt  change 

what d i f f e ren t  from those of  t he  o r ig ina l  coal. 
free-swelling index, Gieseler p l a s t i c i ty ,  and other proper t ies  can be seen in 
Table IV. 
i n  properties.  

A comparison of proximate analysis,  

Although Robena and I l l i n o i s  coal .can be t r ea t ed  r ead i ly  by t h i s  tech- 

Data on molten-caustic treatment of Wyoming coal and I l l i n o i s  coal a r e  
nique, low-rank coals such a s  Wyoming coa l  are ser ious ly  decomposed by molten 
caus t ic .  
shown i n  Table V. 

The molten-caustic treatment may be su i tab le  fo r  preparing carbonaceous 

This technique may a l so  be u s e m  as an ana ly t i ca l  method f o r  deter-  
materials f o r  spec ia l  applications where low-sulfur and low-ash contents are of  
importance. 
mining p y r i t i c  su l fu r  i n  coal.  
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Summary -- 
An experimental inves t iga t ion  of t he  e f fec t  o f  molten caus t ic  on p y r i t i c  

sulf'ur i n  coals of various rank has been conducted. Laboratory tests showed t h a t  
a l l  p y r i t i c  sulfur can be removed from Robena coal by treatment with molten caustic.  
Robena coal and I l l i n o i s  coal appear t o  perform s imi la r ly  i n  molten caustic; however, 
Wyoming coal i s  severely decomposed during treatment. 

This technique may be  use fu l  i n  preparing low-sulfur, low-ash carbonaceous 
materials for  special  appl ica t ions .  Molten-caustic treatment of coa l  might a l so  
serve as an ana ly t i ca l  method f o r  determination of p y r i t i c  sulfwr. 
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Table I 

Coal Samples Used i n  Molten-Caustic Studies 

Total P y r i t i c  Organic 
Coal Sample Screen Size Sulfur, percent Sulfur, percent Sulfbr,* percent -. 

,' Robena 354 -40 mesh 1.64 0.58 1.06 

Robena R415 1/4 by 0 i n .  1.85 -- -- 
I l l i n o i s ,  Orient 1/4 by 0 in .  3.03 0.80 2.23 

Wyoming, Elk01 -40 mesh 0.72 negligible 0.72 

B 

! 

* Calculated difference between t o t a l  sulfur  and p y r i t i c  su l fu r .  

Table I1 

Mlten-Caustic Treatment a t  Various Temperatures 
(Minus 40-M~,h Robena Coal) 

-3 

Temperature, C 

150 

200 

250 

300 

350 

400 

\ \  

Time, mbutes  Sulfur i n  Coal, $ Coal Yield, $ 

30 1.56 93 

30 1.14 92 

30 1 .Ob 94 

30 0.99 89 

30 0.80 92 

30 0.51 93 

, 
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Table I11 

Comparison of Molten-Caustic Treatment of Various-Sized Robena Coal 

Treatment Treatment Sulfur 
Coal Size Temperature, C Time, minutes i n  Coal, $ 
114 by 0 in .  250 10 1.40 

-40 mesh 300 30 0.99 

114 by 0 in .  300 30 0.g6 

112 by 118 i n .  350 10 0.91 

-40 mesh 400 5 0.90 

114 by 0 in .  400 5 0.99 

1/4 by 0 in .  400 30 0.36 

112 by 114 in.  400 15 1.13 

Table IV 

Sulfur, 
Treatment k 

Robena coal 1.64 

Robena coal extrac- 1.64 
t e d  with t a p  w a t e r  

Robena coal  

112 h r  a t  150 C 

112 h r  a t  250 C 

1/2 hr a t  300 C 

112 h r  a t  350 C 

1 h r  a t  350 C 

114 h r  a t  350 C 

5 min a t  400 C 

112 h r  a t  400 C 

1.56 

1.04 

0.99 

0.80 

0.92 

0.91 

0.90 

0.51 

2 
7.31 

6.93 

6.16 

5 .% 

5.35 

6.06 

5.75 

5.22 

6.22 

4.9 

Volat i le  
k t t e r ,  $ 

36.1 

36.4 

35.2 

39.3. 

33.7 

32.2 

-- 
33.0 

32.5 

23.6 

Fixed 
Carbon, $ 

55.6 

56.4 

57.9 

60.8 

59.9 

60.0 

-- 
61.1 

61.2 

63.1 

H20, k 
1.05 

0.25 

0.74 

0.97 

1.07 

1.80 

0.13 

0.68 

0 .oo 

8.3. 

Free- 
Swelling 
Index 

6-112 

7-1/2 

5-112 

5 

3-112 

3 

2-1/2 

3-112 

3 

0 

Comparison of Properties of Untreated and Molten-Caustic-Treated Robena Coals 

7 n  

Gieseler 
Ikximum 
Fluidi ty  

34,000 

17,300 

-- 
4,380 
-- 
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